Angiogenesis is new blood vessel formation, a process that can lead to tumor development. Microvessel count has been correlated to metastasis in some neoplasias. PURPOSE: To determine if measurement of microvessel density is useful in predicting metastasis to the cervical lymph node and prognosis in patients with papillary thyroid carcinoma. METHODS: A retrospective analysis was performed in 30 patients that had undergone total thyroidectomy. They were divided in 2 groups of 15 patients -with and without metastatic disease. Immunohistochemistry was used to detect expression of CD34 in archival paraffin-embedded papillary thyroid tumors, and microvessel density was calculated based on it. Association between microvessel density and the presence of metastasis, according to histological subtype, disease recurrence, and AMES prognostic index groups was determined through statistical analysis. RESULTS: The median microvessel density for the patient group without metastasis (200.0 microvessels/mm 2 ) was apparently, but not significantly, less than that observed among metastatic disease patients (254.4 microvessels/mm 2 ) (P = .20). When papillary carcinoma subtypes were analyzed, this difference became significant (P =.02). The follicular variant exhibited a greater microvessel density than the other subtypes, independent of metastasis presence. There was an apparent, but not significant, tendency for a larger median microvessel density in the group of patients that presented recurrence (294.4 microvessels/mm 2 vs 249.6 microvessels/mm 2 , P = .11). There was no relationship between risk level and microvessel density: in the low-and high-risk groups, the median MVD was 304.0 microvessels/mm 2 and 229.6 microvessels/mm 2 , respectively (P = .27).
Papillary thyroid carcinoma is classified as a well-differentiated carcinoma, and it is the most common malignant neoplasia of endocrine origin. Although it usually has a good prognosis and is curable in most well-treated cases, recurrent disease can reach 20%, in the presence of local invasion and metastasis, while management in these cases is still a challenge. Thus, a considerable number of research projects has been carried out to identify prognostic factors that would make it possible to classify these patients into risk groups according to a prognostic scoring system. [1] [2] [3] [4] [5] [6] Cervical lymph node involvement in papillary thyroid carcinoma has not been considered a bad prognostic factor. In spite of this, there are reports of higher mortality and local recurrence when cervical lymph node involvement occurs in older patients. 1, 4, 5 Moreover, neck dissection is necessary in such cases, which, requires in the least more surgical procedure. These facts, along with the findings that even low-risk tumors can develop into aggressive disease, demonstrate that there is a need to develop methods to better characterize the well-differentiated carcinoma, which would help achieve an adequate therapeutic approach. 6 Biological markers capable of identifying increased risk of metastasis development can contribute to an objective recognition of high-risk tumors.
Angiogenesis, the generation of new blood vessels, is crucial for tumor growth and metastasis development. In neoplastic diseases, it is stimulated by factors produced by tumor cells. Biological markers related to this process could be useful for diagnosis and identification of the prognosis in malignant diseases. Evidence that antiangiogenic therapy inhibits growth of some tumors attests to the importance of studying such markers. 7, 8 Some angiogenic factors-fibroblast growth factors (FGF) and vascular endothelial growth factors(VEGF) -have been identified that undergo increased expression by several kinds of solid tumors. [9] [10] [11] [12] It is also known that the number of new blood vessels is greater in neoplastic tissue than in normal tissue. 6, 13, 14 Metastatic thyroid tumors have a greater immunohistochemical expression of VEGF, 15 and an altered expression of genes associated with angiogenesis was found in metastatic follicular thyroid carcinoma. 16 The first reports of a relationship between metastasis and the number of tumor blood vessels were by Srivastava 17 in 1988, in melanoma studies, and Weidner 18 in 1992, who compared microvessel density (MVD) with breast carcinoma prognosis. Since then, studies have indicated the possibility of a correlation between microvessel count, which is a measure of tumor angiogenesis, and formation of regional metastasis in different malignant neoplasms. 19, 20 However, in thyroid carcinoma, the value of MVD as a prognostic indicator and its role in metastasis development has remained controversial.
The number of microvessels in undifferentiated thyroid tumors was found to be very low, and only in medullary carcinoma was the highest MVD a significant prognostic factor. 21 Microvessel density was higher in well-differentiated thyroid carcinoma when compared to adjacent normal thyroid tissue, but was not correlated to poor outcome. 6 Similar results were found in follicular neoplasms. 22 On the other hand, other investigators found that MVD can be a significant prognostic indicator in papillary thyroid carcinoma. 23, 24 Our purpose was to compare MVD between 2 homogeneous groups of patients with papillary thyroid carcinomawith or without cervical node metastatic disease -to determine if angiogenesis measurement can indicate the metastatic potential and prognosis for papillary thyroid carcinoma.
METHODS
Following the approval of the Institutional Committee on Ethics and Research we studied 30 patients treated for papillary thyroid carcinoma who had undergone thyroidectomy during the period of January 1997 to February 1998. They were distributed into 2 groups: -Group 1: 15 patients without metastasis at diagnosis; -Group 2: 15 patients with metastasis at diagnosis.
The following background data were collected: physical examination of the cervical area; preoperative exams; treatment carried out (extent of the operation, complementary radio iodine therapy); pathological features; postoperative exams; and clinical evolution.
Morphological evaluation and immunohistochemistry assay
After a histological review, the papillary carcinomas and their histological subtypes were classified according to the AFIP 25 criteria. A representative tumor area was considered for immunohistochemical analysis.
Immunohistochemistry was performed on thin sections (3 µm) of previously formalin-fixed and paraffin-embedded tissues, following the standard avidin-biotin-peroxidase complex method. Tumor sections were stained with antiendothelial cell antibody, the mouse monoclonal antibody CD34 (Lyophilized Monoclonal -NCL-END, Novocastra ® , 1:600 dilution). Immunoreaction was visualized using diaminobenzidine (DAB) as the chromogen.
Areas of greater concentration of stained vessels (hot spots) were identified at low magnification. Ten fields at 400x magnification were then studied within these areas, and the immunohistochemistry index was determined by the point counting 26 technique, making it possible to obtain the number of microvessels stained positively in the studied tumor area.
Prognostic evaluation
Since there is no mortality related to papillary carcinoma, only a Kaplan-Meyer disease-free survival study was performed. We also classified all patients into risk groups according to the AMES 4 prognostic index, where "A" represents age, "M" distant metastasis, "E" extrathyroidal extension, and "S" the largest diameter of the tumor. Age is the prognostic factor related to the patient, while all others constitute factors related to the tumor which can be classified as: -Low-risk: absence of distant metastasis and of extrathyroidal extension; largest tumor diameter ≤40 mm; -High-risk: presence of distant metastasis, or extrathyroidal extension, or largest tumor diameter >40 mm.
Patients were finally distributed into 3 risk groups as shown in Table 1 .
Results evaluation
For statistical analysis, the software package SPSS ® 11.0 for Windows ® 2000 was used, and a 5% (P <.05) significance level was adopted. Comparison between classified variables was assessed by the Fisher exact test. Since the test of normality revealed that this study group was not parametric (P = .078), comparison between the medians of the continuous variables was performed through Mann-Whitney and Kruskal-Wallis tests. For correlation studies, the Spearman rank correlation test was applied.
RESULTS

Patients
The average age was 46.7 ± 18.9 years (mean ± SD; range, 14-75 years). There was no difference in age between groups: In group 1, the average age was 47.9 ± 20 years, and in group 2, it was 45.5 ± 18.3 years (P = .73). Only 1 man was included in the study, belonging to group 2.
No difference was detected between groups regarding physical examination, nor regarding the presence of antithyroid antibodies.
Total thyroidectomy was performed in all cases, complemented by neck dissection if lymph node metastasis was present. Whole body scintigraphy with iodine was carried out in all but 1 of the cases. No patient presented distant metastasis at diagnosis. The median follow-up time was 59.4 ± 14 months (range 12-72 months). The postoperative marker of recurrence was the curve of the thyroglobulin serum level. Recurrence occurred in 6 (20%) patients in an average time of 26.7 months. Recurrences occurred mainly in group 2 (P = .04). The Kaplan-Meyer disease-free survival was 71% in 5 years.
Morphologic evaluation
The papillary thyroid carcinoma histological subtypes found were: classic papillary carcinoma in 19 cases (63.3%); tall cell in 5 cases (16.7%); and follicular in 6 cases (20%).
The average tumor size was 23.83 ± 2.5 mm. Microcarcinomas (<10.0 mm) represented 17% of the tumors, while 73% exhibited sizes between 11 and 40 mm at the largest diameter; 10% of the tumors were greater than 40 mm in diameter. There was no difference in size between groups 1 and 2 (P =.79).
When we analyzed characteristics of local invasion, we found that 13 (43.3%) of tumors exhibited extrathyroidal extension, 10 (33.3%) vascular invasion, 7 (23.3%) perineural invasion, 12 (40%) lymphatic invasion, and 19 (63.3%) were multicentric tumors.
Microvessel density analysis (MVD)
The pattern of CD34 antibody expression in papillary thyroid carcinoma can be seen in Figure 1 . There is posi- 2 ), independent of the presence of metastasis (Figure 2 ). In addition, the number of follicular subtypes was larger in the patient group without lymph node metastasis (Table 2) . Therefore, when we analyzed only classic and tall cell variants in both groups, the median MVD was smaller in group 1 (179.0 microvessels/mm 2 ; range, 72.0-436.8 microvessels/mm 2 ) than in group 2 (272.0 microvessels/mm 2 ; range, 179.2-544.0 microvessels/mm 2 ) (P = .02), as shown in Figure 3 .
Regarding patient age, the median MVD was 252.0 microvessels/mm 2 in the group with ages less than 45 years and 229.6 microvessels/mm 2 in the group with ages greater than 45 years (P = .26). There was no correlation between age and MVD (Spearman correlation coefficient = -0.28, P = .14).
The distribution of patients according to the AMES index, and the median MVD of each risk group, are presented in Table 3 .
The median MVD in the patient group that developed recurrence was 294.4 microvessels/mm 2 and for those who did not experience recurrence was 249.6 microvessels/mm 2 (P = .11). 
DISCUSSION
It is important to determine the prognosis case by case in the process of choosing the appropriate treatment. Most patients present extremely favorable evolution, which is sometimes not related to the extent of surgical resection. However, some cases have a poor outcome and previously there have been no objective criteria to separate them.
The importance of angiogenesis has long been described in tumor progression and metastasis formation. 7 Methods that enable quantification of angiogenesis have been developed to evaluate its role in the prognosis of different tumors. Regarding thyroid carcinoma, quantification of angiogenesis has been reported in a few studies. In Brazil, the expression of CD34 in follicular thyroid neoplasm was studied in a single study. 22 This research analyzed MVD in thyroid papillary carcinoma in a case-control (metastatic disease vs no metastatic disease) study using CD34 immunostaining. Other markers can be used, but CD34 has proved to be better than factor VIII and CD31 in previously paraffin-embedded tissues. 27, 28 In this series, the findings regarding MVD were tested statistically, increasing the reliability of the conclusions.
There was similarity among the groups, regarding patient age, tumor nodule size, and applied treatment. The frequency of recurrent disease was higher in cases that developed metastases, similar to that found by other authors. 2, 3, 5 We found a median MVD of 249.6 microvessels/mm 2 , which is similar to that (202.1 microvessels/mm 2 ) observed by Livolsi and Asklen. 13 When groups with and without metastasis were considered, we noticed that there was a tendency to higher angiogenesis in the metastatic disease group (group 2), as has been shown by other authors. 6, 13 Evaluation considering only classic and tall cells subtypes had significantly greater MVD in group 2. This means that quantitative angiogenesis analysis can be considered as a tool for identifying the higher potential of metastasis development in those histological subtypes. To investigate this hypothesis in the follicular variant, other studies are necessary involving larger numbers of this tumor subtype. Several studies have shown that follicular carcinoma has a higher MVD than papillary carcinoma, 6, 21, 29, 30 a point which had already been documented in studies with VEGF. 16 It is interesting to note that the follicular variant of papillary carcinoma had microvessel patterns that were similar to those described in follicular carcinoma, and in spite of the high MVD, there was no correlation with the occurrence of lymph node metastasis. This finding is in agreement with the fact already demonstrated 1 that follicular carcinoma has a greater tendency towards hematogenic metastasis. On the other hand, the high MVD developed in the follicular variant suggests that angiogenesis quantification can aid in differential diagnosis of follicular neoplasms, a point which also needs to be studied in future investigations. Microvessel density has been shown to keep an inverse relationship to patient age at diagnosis, diameter, and extent of the primary tumor. 13 This unexpected finding was thought to be explained by the previous findings that poorly-differentiated carcinomas exhibit smaller microvessel numbers. 21, 22, 30 Accordingly, the present study revealed a tendency for the lowest MVD to exist in locally invasive tumors and in patients older than 45 years.
The Kaplan-Meier disease-free survival test was not appropriate because there was an insufficient number of patients in each group studied. Therefore, the AMES 4 prognostic index was used, and we found that the MVD was not greater in the high-risk patient group. Livolsi and Asklen 13 also found that decreased survival was not predicted by high microvessel counts. Perhaps this occurred because poorly differentiated carcinomas have low angiogenesis and are related to worse prognosis.
In our study, tumors in patients with recurrent disease tended to develop more angiogenesis. Fontanini et al. 21 did not observe a significant relationship between prognosis and MVD. However, it should be noted that patients who died had a greater median MVD than surviviors. Using the European Organization Research on Treatment of Cancer (EORTC) prognostic index, Wong 29 found an association between angiogenesis and prognosis in follicular carcinoma, but not in papillary carcinoma.
CONCLUSION
Our results suggest that angiogenesis is more intense among the classic and tall cell variants of metastatic tumors, showing that microvessel count can be an indicator of metastatic potential in these histological subtypes of papillary thyroid carcinoma.
Patients that developed recurrent disease had a tendency to exhibit higher angiogenesis; however, there was no association between MVD and prognostic index groups.
Finally, our data demonstrated the importance of the study of angiogenesis in papillary thyroid carcinoma. 
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